Introduction. For women with ductal carcinoma in situ (DCIS) undergoing breast-conserving surgery (BCS), the benefit of magnetic resonance imaging (MRI) remains unknown. Here we examine the relationship of MRI and locoregional recurrence (LRR) and contralateral breast cancer (CBC) for DCIS treated with BCS, with and without radiotherapy (RT). Methods. A total of 2,321 women underwent BCS for DCIS from 1997 to 2010. All underwent mammography, and 596 (26 %) also underwent perioperative MRI; 904 women (39 %) did not receive RT, and 1,391 (61 %) did. Median follow-up was 59 months, and 548 women were followed for C8 years. The relationship between MRI and LRR was examined using multivariable analysis.
Although ductal carcinoma in situ (DCIS) theoretically has no metastatic potential, substantial ipsilateral breast tumor recurrence (IBTR) rates remain a challenge.
1 DCIS treated with excision alone results in IBTR rates of approximately 28 % at 10 years, and approximately half that (13 %) with excision followed by radiation therapy (RT).
2 Presumably, IBTR is due to residual, subclinical disease. Recurrence after breast-conserving surgery (BCS) for DCIS is clinically relevant because approximately 50 % of all IBTRs are invasive at time of detection, and invasive recurrences have been shown to increase distant disease and mortality rates. 2,4-7 Yet, this reduction in IBTR with radiation has not been accompanied by reduced breast-cancer-specific mortality. 2 In fact, the Early Breast Cancer Trialists' Collaborative Group overview found women allocated to RT had absolute rates of distant metastases, breast cancer mortality, and all-cause mortality higher than those not receiving RT, although not statistically significant. 2 Cuzick et al. 7, 8 reported a significant increase in cardiovascular death among women randomized to radiation, although the absolute risk was small (2 vs. 0 %, p = 0.008). Other rare but potentially serious risks are also associated with radiation, including second malignancies.
2, [8] [9] [10] [11] [12] With no survival benefit, and potential risks, there remains a desire to identify a subset of women for whom radiation could be avoided. A survey of academic radiation oncologists found that most would not recommend RT for some subsets of DCIS, and according to National Cancer Institute Surveillance Epidemiology and End Results (SEER) data, approximately 35-40 % of women undergoing BCS for DCIS in 2005 did not receive RT. 13, 14 Magnetic resonance imaging (MRI) has been shown to be more sensitive than mammography for the detection of DCIS. 15, 16 Perioperative MRI could identify occult foci of disease or contralateral lesions that would be left unresected with conventional imaging alone. Theoretically, by treating this additional MRI-identified disease, rates of locoregional recurrence (LRR), and contralateral breast cancer (CBC) could be lowered. We undertook this study to examine LRR rates and CBC development in women with DCIS who had undergone perioperative MRI compared to those who did not. Furthermore, we hypothesized that any benefit of MRI would be greater in women not receiving RT and therefore analyzed this subset separately.
METHODS
Following Memorial Sloan-Kettering Cancer Center (MSKCC) institutional review board approval, a prospectively maintained database of women with pure DCIS who underwent BCS at MSKCC was used to identify patients with definitive surgery from 1997 to 2010. Patients with bilateral DCIS were abstracted separately for each side. Twenty women had a diagnosis of synchronous bilateral DCIS. Ten of these women underwent perioperative MRI, and ten did not.
All patients underwent conventional imaging with mammography. Bilateral breast MRI data were collected via chart review. MRI timing was defined as before any biopsy, following core biopsy, or after lumpectomy but before RT. All outside MRI exam reports were available to the MSKCC breast surgeon, and positive findings were completely evaluated. Age at diagnosis, menopausal status (pre/perimenopausal or postmenopausal), family history of breast cancer (in at least one first-or second-degree relative), prior CBC, clinical (palpable mass, Paget's disease, nipple discharge) versus radiologic presentation, nuclear grade, presence of necrosis, number of excisions, use of adjuvant whole breast RT or endocrine therapy, and margin status [positive (tumor on ink), close (B2 mm), or negative] were recorded. Number of excisions is included because it is likely correlated with extent of radiologically occult disease and has been shown on multivariable analysis to be statistically significantly associated with risk of IBTR for DCIS. 17 For statistical analysis and reporting, positive (n = 80) and close margins (n = 312) were collapsed into one group. Primary outcomes were ipsilateral LRR rates (IBTR or regional lymph node recurrence) and CBC rates (contralateral invasive or in situ carcinoma identified subsequent to the treatment of the index DCIS). Time-to-event variables were defined as time from final surgery to the event of interest and were censored at time of death or end of follow-up. Patients with previous or synchronous CBC or contralateral prophylactic mastectomy were not included in the calculation of CBC rates. Patients were followed via an annual questionnaire to capture outcomes and treatments obtained outside MSKCC as well as by chart review.
Differences in patient characteristics by use of MRI were assessed using v 2 tests and Wilcoxon rank-sum tests for categorical and continuous covariates, respectively. Five-and 8-year Kaplan-Meier LRR estimates were calculated for the entire cohort, as well as the subsets with and without RT. Recurrence rates were compared univariately using log-rank tests for categorical covariates. A multivariable Cox model was built to assess the effect of MRI on LRR. Similar multivariable models were built separately for the no-RT and RT groups to confirm that the effect of MRI was similar regardless of RT status. Proportionality of hazards was checked for all three Cox models and found to be appropriate. All statistical analyses were performed in SAS 9.2 (SAS Institute, Inc., Cary, NC), and p values \0.05 were considered significant.
RESULTS
Between 1997 and 2010, 2,321 women with DCIS underwent definitive BCS, 596 had a perioperative MRI, and 1,725 had conventional imaging alone. The mean age was 57.9 years. Most (66 %) were postmenopausal, and 40 % had family history of breast cancer. Just over 90 % had screen-detected DCIS, 61 % received postoperative RT, and 23 % received adjuvant hormonal therapy. Median follow-up among patients without LRR for the entire population was 59 (range 0-183) months; 548 were followed for at least 8 years. 184 LRR events occurred: 174 isolated IBTR, 2 isolated ipsilateral axillary recurrences, 6 simultaneous IBTR and axillary recurrences, and 2 simultaneous IBTR and distant disease. Of all LRRs, 41.8 % (77/184) were invasive cancer. One patient had IBTR of unknown type with unknown lymph node status, and two patients had unknown lymph node status at the time of invasive IBTR. Two patients developed distant metastasis after invasive IBTR. Overall survival for the entire cohort was 96.9 %.
Patient characteristics by subgroup are summarized in Table 1 . Women who underwent MRI were younger, more likely to be pre/perimenopausal, more likely to have a family history of breast cancer, and more likely to present with a clinical abnormality, but were less likely to have a prior CBC. Women in the MRI group were more likely to undergo postoperative RT and treatment with adjuvant endocrine therapy. There were fewer close/positive margins in the MRI group. Patients were more likely to undergo MRI in the later years of the study period. Of all MRIs, 56 % were performed at MSKCC, 12 % were performed elsewhere and reviewed by a MSKCC breast radiologist, and the remainder were obtained and read at an outside institution. Timing of MRI was as follows: 15 % before any biopsy, 66 % following core biopsy, and 19 % following lumpectomy but before RT.
On univariate analysis, there was no difference in LRR rates between conventional imaging and MRI groups (p = 0.52). Rates at 5 years were 7.2 % for the no-MRI group and 8.5 % for the MRI group; rates at 8 years were 10.2 and 14.6 %, respectively (Fig. 1a) . Variables associated with increased LRR on univariate analysis include younger age (p \ 0.001), pre/perimenopausal status (p = 0.001), close/positive margins (p = 0.003), no adjuvant RT (p \ 0.001), and no adjuvant endocrine therapy (p \ 0.001; Table 2 ).
Multivariable analysis of LRR for the 2,212 women with complete data was performed, controlling for age, menopausal status, family history, mode of presentation, margin status, number of excisions, adjuvant RT, adjuvant endocrine therapy, and year of diagnosis. Lower LRR was associated with negative margins and use of adjuvant RT and endocrine therapy (p B 0.002). When either age or menopausal status alone were included in the model, each was independently associated with LRR (p = 0.0005 and 0.0024, respectively), but because these variables are highly correlated, when both were included, they competed for significance and became non-significant. Perioperative MRI was not associated with decreased LRR [HR 1.18, 95 % confidence interval (CI) 0.79-1.78, p = 0.42; Table 3 ]. Analyses were repeated after excluding the 20 women with bilateral synchronous DCIS with no significant change in results for any cohort.
No-Radiation Cohort
Analysis was restricted to the 904 women without RT, 174 women underwent MRI, whereas 730 did not. Of those with conventional imaging alone, women in the no-RT cohort were older than those receiving RT (mean age, 62.3 years no-RT vs. 57.3 years RT). Of women having perioperative MRI, those who did or did not have RT were of similar age (mean age, 53.8 years no-RT vs. 53.2 years RT). Within the no-RT cohort, women in the MRI group were younger, more likely to be pre/perimenopausal, and more likely to have a family history of breast cancer compared to the no-MRI group (Table 1) .
The 5-and 8-year rates of LRR for the no-RT group were 10 and 13.5 %, respectively, without MRI, and 13.2 and 23.7 %, respectively, with MRI (p = 0.33; Fig. 1b) . On multivariable analysis, there was no association between MRI and LRR (HR 1.36, 95 % CI 0.78-2.39, p = 0.28; Table 3 ). Margin status was the only variable significantly associated with LRR on both univariate and multivariable analyses.
Radiation Cohort
Among women receiving RT, LRR rates were estimated and compared by MRI group (Fig. 1c) , and multivariable analysis was performed (Table 3 ). There was no association between MRI and LRR (HR 1.14, 95 % CI 0.63-2.09, p = 0.66).
Contralateral Breast Cancer
There was no difference in CBC rates with or without MRI in the entire cohort (CBC rate = 3.5 and 3.5 % for the no-MRI and MRI groups, respectively, at 5 years, and 5.1 and 3.5 %, respectively, at 8 years; p = 0.86) or in the no-RT (p = 0.87) or RT (p = 0.73; Fig. 1d-f ) subcohorts.
DISCUSSION
MRI is obtained perioperatively with the theoretical benefit of improving surgical planning, decreasing positive margins and the need for re-excision, and identifying clinically and mammographically occult relevant disease. Studies that examine patients with DCIS alone have not shown a decrease in positive margins or the need for reexcision, and some show unnecessary increases in mastectomy rates. [18] [19] [20] [21] In addition, two large, randomized trials have evaluated the addition of preoperative breast MRI in women undergoing BCS for breast carcinoma; one found no difference in reoperation rates (19 vs. 19 %, p = 0.77), whereas the other showed a paradoxical increased rate of re-excision among women randomized to MRI. 22, 23 Of note, just over 70 % of the re-excisions in the latter study were for DCIS, suggesting that MRI was relatively insensitive to extent of DCIS.
No prospective, randomized studies have evaluated the effect of MRI on LRR rates. Four retrospective series have addressed the possibility of improved long-term breast cancer outcomes with the addition of perioperative MRI. These studies included few patients with DCIS and even fewer who did not receive radiation (Table 4) . [24] [25] [26] [27] Only one study, by Fischer et al., 24 reported reduced IBTR rates with the use of perioperative MRI. This was a retrospective review of 346 patients treated from 1993 to 1997. At a mean follow-up of 40 months, they reported an IBTR rate of 1.2 % in the MRI group and 6.5 % in the no-MRI group (p \ 0.001). It is important to note that there were significant differences between the groups that were not relationship between MRI and outcomes in 756 women undergoing BCS and radiation from 1992 to 2001. Eightyear local failure rates were 3 % in the MRI group and 4 % in the no-MRI group (p = 0.51). For the small subset of patients with DCIS, 8-year rates of LRR were 6 % both with (n = 31) and without (n = 105) MRI. They found no difference in survival or CBC rates. 25 Similar results were reported by Hwang et al. 26 (no DCIS patients included) and Shin et al. 27 (11 % of population had DCIS), with no significant difference in LRR rates, at 1.2-1.8 % in the MRI groups versus 2.3-2.5 % in the conventional imaging groups.
Our study is, to our knowledge, the largest evaluating LRR rates with and without perioperative MRI. Furthermore, our population consisted entirely of women undergoing BCS for DCIS, a population for whom local recurrence remains substantial, and for whom metastatic disease or breast cancer mortality is almost zero in the absence of an invasive recurrence. Of all women with breast cancer, those with DCIS could most benefit from a method to select for low risk of local recurrence. Adjuvant radiation and endocrine therapies have proven to reduce local recurrence, but they carry rare but potentially serious risks, and do not improve survival. 2, 7, 28 Better definition of subclinical disease could lead to lower LRR rates, and some have shown MRI to be significantly more sensitive than conventional imaging for DCIS. 16 Here, in a large cohort of women with DCIS, we were unable to find any association between improved LRR rates and the use of MRI. Furthermore, although any benefit should be most evident in the group without RT, we found none, and found no trend toward improved LRR rates with MRI.
Detection of a CBC is another argument for the use of MRI in patients with a known cancer. A meta-analysis reported that 4.1 % of women with newly diagnosed invasive breast cancer had CBC detected by MRI. 29 Similarly, a study performed on patients with DCIS alone with routine preoperative MRI reported a synchronous CBC rate of 5.6 % (2.1 % invasive carcinoma, 3.5 % DCIS). 30 Based on these data, Hollingsworth and Stough 30 surmised that metachronous contralateral invasive cancer rates and survival would be impacted by the use of preoperative MRI. Our study found no difference in CBC development rates with or without an MRI, with 5-year rates of 3.5 % in both the MRI and no-MRI groups (p = 0.86). These numbers are consistent with SEER data, which reported 5-year CBC rates in patients with DCIS of 3.3 %. 31 If perioperative MRI were detecting clinically relevant cancers, one would expect a lower rate of subsequent CBC development in those imaged with MRI.
Study strengths include the large number of prospectively collected patients and the considerable number treated without RT. Furthermore, the availability of numerous patient and tumor characteristics made multivariable analysis to control for relevant clinical variables possible. In our population, women receiving MRI tended to be at higher risk for LRR, as seen in Tables 1 and 2 . Therefore, we diligently controlled for all possible confounding variables on multivariable analysis to optimally assess the association of MRI and LRR, with inclusion of all variables associated with either MRI use or LRR. Adequate power in multivariable Cox modeling has been described as ten events per variable included. 32 This ratio was exceeded in both the entire population and the no-RT cohort. Nevertheless, the analysis remains retrospective, with all associated limitations.
CONCLUSIONS
We found no association between the perioperative use of MRI and LRR in women undergoing BCS for DCIS. In addition, no association between MRI and LRR was found in the subset that did not receive RT. In the absence of evidence that MRI improves the surgical management or long-term outcomes for these patients, the routine perioperative use of this test should be questioned. 87 (11) 572 (72) 62 (8) 13 (2 
